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Abstract
In the standard model (SM), pair production rate of Higgs boson at the Large Hadron
Collider (LHC) is quite low. One usually think that it is extremely important for the
measurement of triple Higgs coupling at the high luminosity LHC. In this paper, we
propose to search for the extra Higgs boson (denoted as S) utilizing pair production of
the SM-like Higgs boson (H) which was discovered in July, 2012.The pair production of H
can be huge due to the resonant production of heavy scalar S, namely PP → S → HH.
The couplings of H with weak gauge boson are similar to ones in the SM and it implies
that the couplings between S and gauge bosons are likely suppressed. Provided that S
is heavy enough, the decay into weak gauge bosons may not be the dominant modes.
Instead S can decay into a pair of H and offer the promising channel to discover it.
In this paper, we studied the 5 promising decay modes of H, i.e. bb¯, WW ∗, ZZ∗, γγ
and τ+τ−, and simulated the signals and backgrounds for the 15 combination modes
for HH at the LHC with
√
s = 14 TeV and integrated luminosity L = 1000fb−1. We
found that with the help of suitable selection rules, very good signal to background ratio
S/B can be archived in many decay channels, for example bb¯ + (WW ∗, ZZ∗, γγ, τ+τ−),
WW ∗ + (WW ∗, ZZ∗, γγ, τ+τ−) and τ+τ− + (γγ, τ+τ−). For the detailed results please
refer to Table I in the text. On the contrary, bb¯bb¯ mode is less important due to the huge
QCD background. However if one has excellent control on light jet mis-tagging, the bb¯bb¯
mode can be promising to discover the extra Higgs boson due to its the largest branching
ratio compared to other modes.
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2I. INTRODUCTION
One new particle has been discovered at LHC by both ATLAS and CMS collaboration
[1, 2]. The new particle is about 125GeV, which was first found in the γγ decay channel.
Besides to measure the properties of the new particle as precise as possible, the discovery of
the new particle also opens interesting topics, like the possibility of Higgs coupling to dark
matter [3–9] etc. The couplings among the newly discovered particle and the usual particles
in the standard model (SM) have been measured via various decay modes, and one found
that they are consistent with those of the SM [10–14]. Hereafter the new particle is dubbed
as SM-like Higgs boson. However there is still plentiful room for physics beyond the SM
(BSM) [15–23].
In the SM, Higgs boson mass is a free parameter. However, provided that the SM is
superseded by underlying dynamics at TeV or higher scale, the mass of Higgs boson tends to
be close to that higher scale. In a sense, the Higgs boson mass is too light. There are popular
solutions to this issue, for example the supersymmetry and little Higgs models. However
they are suffered from various difficulties, namely the predicted new companion particles
have no sign at high energy collider. Recently, we proposed a new solution and pointed out
the intimate connection between the lightness of the Higgs boson and the spontaneous CP
violation [24, 25]. Anyhow there are strong motivation for searching extra Higgs bosons,
denoted as S scalar in this paper.
The couplings of SM-like Higgs boson with weak gauge boson are similar to ones in the
SM and it implies that the couplings between the extra Higgs boson and gauge bosons are
likely suppressed. Even the extra Higgs boson is heavy enough, the decay into weak gauge
boson may not be the dominant modes. Instead S can decay into a pair of SM-like Higgs
bosons and offer the promising channel to discover it. In literature there are many related
studies [26–63]. Note that in the SM, there are gluon gluon production of two Higgs through
triangle and box diagrams, but the cross-section is quite small, about 30fb at LHC14 [63–71].
A recent NNLO calculation for Higgs pair production suggests the cross-section to be 40fb
[72]. Such small cross-section implies limited statistics in the measurement [30, 48, 73], which
usually need the boosted property in the two Higgs production to cut down the background
[74, 75].
In this paper, we will study resonant production of S which subsequently decays into two
3decay mode bb¯ WW ZZ γγ ττ
bb¯ low σ
√ √ √ √
WW -
√ √ √ √
ZZ - -
√
, low N low N
√
, low N
γγ - - -
√
, low N
√
ττ - - - -
√
TABLE I: The discovery potential for different combination of decay channels of Higgs. “
√
” stands
for “excellent” in searching for the extra Higgs boson. The “low σ” means low S/B ratio, while
the “low N” means low signal statistics (signal event number smaller than 100).
Higgs (H). This process can naturally present in the two Higgs doublet model (2HDM) at
small tan(β)[73]. With the help of resonance production of S and dominant decay branch-
ing ratio (BR) to HH, the cross-section can be much higher comparing with two Higgs
production in SM. We analyze this process at parton level through different combination of
SM-like Higgs decay channels with Madgraph 5 [76]. The discovery potential for different
combination of decay channels are listed in the Table.I. Most of the combinations have good
discovery potential, except the four b quark and γγZZ∗ final states. The former does not
have large enough S/B, while the latter suffers from the low statistics.
We arrange this paper as following. We begin with a discussion of the effective model
we used for the resonant production of two Higgs in Sec.II. Then we explore the final states
classified by different Higgs decay combinations and estimate the signal to background ratio
(S/B) in the Sec.III. Sec.IV contains our discussions and conclusions.
II. THE EFFECTIVE MODEL
For simplicity and as model independent as possible, we do not use 2HDM but start
with an effective model and concentrate on the various final states. We assume the effective
Lagrangian in the following form:
L = f1
√
2αs
12piv
SGaµνG
aµν + f2
(mH)
2
v
SHH (1)
The S can couple to top quark and other color particles in the loop, which results in the
4decay mode bb¯ WW ZZ γγ ττ
bb¯ 3.34× 10−1 1.25× 10−1 1.54× 10−2 1.33× 10−3 3.68× 10−2
WW 1.25× 10−1 4.67× 10−2 5.77× 10−3 4.97× 10−4 1.38× 10−2
ZZ 1.54× 10−2 5.77× 10−3 7.13× 10−4 6.14× 10−5 1.7× 10−3
γγ 1.33× 10−3 4.97× 10−4 6.14× 10−5 5.29× 10−6 1.46× 10−4
ττ 3.68× 10−2 1.38× 10−2 1.7× 10−3 1.46× 10−4 4.1× 10−3
TABLE II: The product of two branching ratio of different decay modes for Higgs.
coupling to gluon gluon. The S couple to Higgs particle through a portal-like potential, and
we assume this coupling provides the significant S decay BR to Higgs, comparing with other
decay channels. In order to test the potential of different decay modes of Higgs, we calculate
the production cross-section of pp → S → HH at the LHC with √s = 14TeV. We assume
f1 = f2 = 1 and the mass of the scalar S equals to 400GeV as the benchmark parameters,
and the cross-section of resonant production equals to 10pb. We plot the resonant cross-
section for S in Fig.1. In order to get the potential of Higgs different decay mode, we give the
different BR of two Higgs final state according to Ref.[77] in Table.II. There are constraints
on the parameter f1 and f2 but generally quite small. For example, we can assume the S
coupling to gluon gluon is induced by a vector-like color particle which does not have other
SM charges, and this particle is heavy enough that S can not decay to this color particle. In
this case, the S particle can only decay to gluon and Higgs, that the constraints on f1 and f2
are quite weak. If the top quark is running in loop, the S can also decay to top pair and other
gauge boson pair. Since the Higgs H is quite SM-like, the tree level couplings between S
and gauge boson should be quite small. However, the top loop can induce coupling between
S and gauge boson. Such induced coupling has a ratio of about 0.01×N2c to the coupling to
gluon gluon, mostly because of the difference between the electroweak and strong coupling
[78]. Since the S also decays to H and top quark, the BR to gauge boson will further
decrease, which makes our choice of f1 safe from the ZZ
∗ search for the Higgs. For S decay
to top pair, since our resonant production channel is much smaller than the tt¯ cross-section,
there is very little constraint on f1. For S decay to H, there are very few constraints on this
channel. Thus, our choice of f1 and f2 are very little constrained by current experiments.
With f2 around ∼ O(1), we can also guarantee significant production for S → HH.
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FIG. 1: The resonant cross-section for S.
In our analysis, we assume the luminosity to be 1000fb−1 for LHC14, which requires the
cross-section to be larger than 10−6pb to get meaningful statistics. For example, if the two
Higgs both decay to bb¯, the cross-section is about 3.3pb, which is large enough to test. If
the two Higgs both decay to W bosons, the cross-section is 0.47pb, while both decay to Z
bosons, the cross-section is 7.1×10−3pb. If the two higgs boson decay to γγ, the cross-section
is 5.1×10−5pb which is fairly small to test. One should note that when the Higgs decay into
different final states, there could be an extra factor of two from the different combination of
two Higgs decay. This factor will be included in the signal cross-section thereafter, if it is
there.
III. TWO HIGGS FINAL STATES
In this section, we will analyze different combinations of two Higgs final states and discuss
the signal to background ratio.
6A. Two Higgs decay to bb¯bb¯
We first begin with the dominant Higgs decay channel bb¯, and consider the situation when
two Higgs both decay to b quarks. The signal process is pp→ S → HH → (bb¯)(bb¯). At the
same time, the dominant SM background contains three processes: pp → bbb¯b¯, pp → bb¯jj
and pp → jjjj, where jets has probability to fake b-jets which described by the b-tag
efficiency. For b-quark, the b-tag efficiency is 0.6, while for light flavor jet the mis-tagging
is conservatively chosen as 0.02 [79]. In order to choose the suitable cut conditions, we give
the distribution of pT and HT for the jets in the Fig.2.
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FIG. 2: The pT and HT distribution of signal and background for the S → hh→ bb¯bb¯. The dashed
red line is SM background and the solid black line is signal.
With the distribution shown in Fig.2, we choose the cut conditions as following:
pj1T ≥ 60GeV, pj2T ≥ 50GeV,
pj3T ≥ 40GeV, pj4T ≥ 20GeV,HT ≥ 180GeV
(2)
Furthermore, for the bb¯ coming from the Higgs, the invariant mass of these two b-quark
should equal to the Higgs mass. The four b-jets should also reflect the mass of S particle.
So we introduce two other cut conditions:
7signal BKG(bb¯bb¯) BKG(bb¯jj) BKG(jjjj)
cross-section(pb) 3.34 329 1.4686× 105 2.7536× 106
cut efficiency 0.614 6.5× 10−4 1.35× 10−3 2.92× 10−3
b-tag 0.1296 0.1296 0.000144 1.6× 10−7
event number 2.66× 105 2.77× 104 2.85× 104 1282
S
B ratio 4.6
TABLE III: The cut flow table for the S → HH → bb¯bb¯ signal. The “b-tag” means b-tag efficiency
for b quark and other light quarks. In the cross-section for background, we may have added prior
pT requirement in the Madgraph to generate events more efficiently.
mbb¯ ∈ [115GeV, 135GeV ],mjjjj ∈ [360GeV, 440GeV ] (3)
After the above cuts, the event number of signal and background are shown in Table.III.
The S/B ratio of bb¯bb¯ can only reach 4σ which is not very good even with integrated
luminosity of 1000fb−1. This channel suffers from large QCD background which is quite
hard to find the signal. To find the resonant scalar, the two Higgs should have some leptons
or photons in the final state to cut down the large QCD background.
B. Two Higgs decay to bb¯+ γγ
In this section, we examine the signal process pp → S → HH → (γγ)(bb¯). The SM
background contains pp → γγbb¯ and pp → γγjj final state. There are other background
from jet faking which is hard to simulate at parton level, which we neglect here. In order
to choose the suitable cut conditions, we give the pT and HT distribution for the jets and
photons in Fig.3.
With the distribution shown in Fig.3, we choose the cut conditions as following:
pj1T ≥ 60GeV, pj2T ≥ 20GeV
pγ1T ≥ 40GeV, pγ2T ≥ 20GeV,HT ≥ 200GeV
(4)
where the HT means the pT sum of photons, jets, leptons and missing energy, if they
are there. In this case, since there is no neutrino, lepton and missing energy, the HT only
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FIG. 3: The pT and HT distribution of signal and background for the bb¯ + γγ final state. The
dashed red line is background and the solid black line is signal.
includes pT sum of jets and photons. We use this definition of HT afterwards. Moreover,
the γγ and the bb¯ for signal comes from the Higgs, so the invariant mass of these particles
should be equals to the Higgs mass. The invariant mass of two photons and two b quarks
also reflect the S mass. Thus, we introduce two cut conditions:
mγγ,mbb¯ ∈ [115GeV, 135GeV ],mγγbb¯ ∈ [360GeV, 440GeV ] (5)
After above cuts, the event number of signal and background for bb¯ + γγ are shown in
Table.IV. This channel is a very promising for the resonant scalar, due to the large resonant
production cross-section. The event number for signal is significantly large and is worth
looking at.
C. Two Higgs decay to bb¯+ ZZ∗
In this section, we consider the signal process pp → S → HH → (bb¯)(ZZ∗) with both
Z decay to leptons. At the same time, the SM background contains pp → bb¯Zl−l+ and
9event number signal BKG(γγbb¯) BKG(γγjj)
cross-section(pb) 0.0266 0.11195 120
cut efficiency 0.77 1.5× 10−4 6× 10−4
b-tag 0.36 0.36 0.0004
event number 7.4× 103 6 29
S
B ratio 211
TABLE IV: The cut flow table for the final state with one Higgs decay to γγ and the other decay to
bb¯. In the cross-section for background, we may have added prior pT requirement in the Madgraph
to generate events more efficiently.
pp→ jjZl−l+ with Z decay leptonically. In order to choose the suitable cut conditions, we
give the distribution of pT and HT for the jets in the Fig.4.
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FIG. 4: The jet pT and the HT distribution of signal and background for final state bb¯+ZZ
∗. The
dashed red line is background, while the solid black line is signal.
With the distribution shown in Fig.4, we choose the cut conditions as following:
pj1T ≥ 60GeV, pj2T ≥ 20GeV
pl1T ≥ 20GeV,HT ≥ 260GeV
(6)
10
event number signal BKG(bb¯llll) BKG(jjllll)
cross-section(pb) 3.08× 10−3 7.8× 10−4 0.013
Cut efficiency 0.611 0 10−4
b-tag 0.36 0.36 0.0004
Event number 677 0 5.2× 10−4
S
B ratio 1.3× 106
TABLE V: The cut flow table for two Higgs decay to bb¯+ZZ∗. The cross-section for signal includes
the Z leptonic decay BR.
We also impose the cuts on invariant mass as following,
mbb¯,mllll ∈ [115GeV, 135GeV ],mbb¯llll ∈ [360GeV, 440GeV ]. (7)
After above cuts, the event number of signal and background are shown in Table.V.
In this channel, the S/B ratio is very good due to the small cross-section of background.
The four lepton final states has very small cross-section due to small electroweak coupling
comparing with strong coupling. The bb¯llll channel is a very clean and worth looking at.
D. Two Higgs decay to bb¯+WW ∗
The signal process we consider is pp → S → HH → (bb¯)(WW ∗) with W decay leptoni-
cally. At the same time, the SM background contains pp → bb¯l−l+νν and pp → jjl−l+νν,
with the former one includes the top quark pair background. In order to choose the suitable
cut conditions, we give the pT and HT distribution in the Fig.5.
With the distributions shown in Fig.5, we choose the cut conditions as follow:
pj1T ≥ 80GeV. (8)
We also impose the cuts on invariant mass to further suppress the background.
mbb¯,mllνν ∈ [115GeV, 135GeV ],mbb¯llνν ∈ [360GeV, 440GeV ] (9)
After above cuts, the event number of signal and background are shown in Table.VI.
In the above cuts, we have used the momentum of neutrinos which could be reconstructed
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FIG. 5: The jet pT and HT distribution of signal and background for bb¯ + WW
∗ final state. The
dashed red line is background and the solid black line is signal.
signal BKG(bb¯l−l+νν) BKG(jjl−l+νν)
cross-section(pb) 0.27 21.75 0.8
cut efficiency 0.845 0 0
b-tag 0.36 0.36 0.0004
event number 8.2× 104 0 0
S
B ratio ∞
TABLE VI: The cut flow table for two Higgs decay to bb¯+WW ∗.
by requiring the on-shell mass conditions. The backgrounds are mostly cut down by the
invariant mass requirement. In this channel top pair background has also been considered,
but the cut efficiency is zero, reflecting very small background after such cuts. The S/B
ratio of this channel is very good and is promising to be found.
E. Two Higgs decay to ZZ∗ + ZZ∗
In this section, we assume the signal process pp → S → HH → (Zl−l+)(Zjj) →
(l−l+l−l+)(jjjj). We arrange the Z bosons from one Higgs decay leptonically, while the
other one decays hadronically to get larger signal cross-section. At the same time, the
background contains: pp → (Zl−l+)(Zjj) → (l−l+l−l+)(jjjj). In order to choose the
suitable cut conditions, we give the distribution of pT and HT in the Fig.6.
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FIG. 6: The pT and HT distribution for signal ZZ
∗ + ZZ∗ and corresponding background. The
dashed red line is background, while the solid black line is signal.
With the distributions shown in Fig.6, we choose the cut conditions as follow:
pj1T ≤ 80GeV, pj2T ≤ 60GeV
pl1T ≤ 120GeV,HT ≤ 400GeV
(10)
We also impose the invariant mass cut conditions below,
m4l,m4j ∈ [115GeV, 135GeV ],m4l4j ∈ [360GeV, 440GeV ]. (11)
After above cuts, the event number for signal ZZ∗ + ZZ∗ and background are shown in
Table.VII. This channel is quite clean even before the cuts, the signal even has larger cross-
section due to multi-leptons in the final states. After the cuts, the background vanishes
which means very small background. However, the event number of signal is not very large,
of about 46 that low statistics makes this channel harder than others even with very clean
background.
13
event number signal BKG(l−l+l−l+jjjj)
cross-section(pb) 7.0× 10−5 2.24× 10−5
cut efficiency 0.66 0
event number 46 0
S
B ratio ∞
TABLE VII: The cut flow table for ZZ∗ + ZZ∗ channel.
F. Two Higgs decay to WW ∗ +WW ∗
In this section, we assume the signal process is pp → S → HH → (W+l−ν)(Wjj) →
(l−νl+ν)(jjjj). At the same time, the background contains: pp → (W+l−ν)(Wjj) →
(l−l+νν)(jjjj). In order to choose the suitable cut conditions, we give the distribution of
pT and HT in Fig.7.
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FIG. 7: The pT and HT distribution for signal WW
∗ +WW ∗ and the corresponding background.
The dashed red line is background and the solid black line is signal.
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event number signal BKG(l−l+ννjjjj)
cross-section(pb) 4.4× 10−2 0.0012
cut efficiency 0.7632 0
event number 3.36× 104 0
S
B ratio ∞
TABLE VIII: The cut flow table for of WW ∗ +WW ∗ channel.
With the distribution shown in Fig.7, we choose the cut conditions as following:
pj1T ≤ 80GeV, pj2T ≤ 60GeV
pl1T ≤ 120GeV,HT ≤ 400GeV
(12)
where the HT means the pT sum of all the leptons, jets and missing energy. To further
suppress the background, we also impose the invariant mass conditions below,
mllνν ,m4j ∈ [115GeV, 135GeV ],mllνν4j ∈ [360GeV, 440GeV ]. (13)
After above cuts, the event number of signal and background are shown in Table.VIII.
The signal of this channel is very good, even before the cut the background cross-section
is smaller than signal. The cut efficiency of the background vanishes after the cut, which
means this channel is clean indeed. The event number of the signal is quite large that one
expects very good statistics on the signal.
G. Two Higgs decay to γγ + γγ
In this section, we focus on the Higgs rare decay to photons. We assume the signal
process is pp→ S → HH → (γγ)(γγ). At the same time, the background contains prompt
γ production pp→ γγγγ, and non-prompt gamma from jet faking which is hard to quantify
at parton level. In order to choose the suitable cut conditions, we give the pT and HT
distribution of photons in Fig.8.
With the distribution shown in Fig.8, we choose the cut conditions below,
pγ1T ≥ 80GeV, pγ2T ≥ 60GeV
pγ3T ≥ 30GeV, pγ4T ≥ 20GeV,HT ≥ 200GeV.
(14)
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FIG. 8: The pT and HT distribution of signal and background for final state γγ + γγ. The dashed
red line is background, while the solid black line is signal.
We also impose the invariant mass cut conditions as following, to suppress the back-
ground,
mγγ ∈ [115GeV, 135GeV ],mγγγγ ∈ [360GeV, 440GeV ]. (15)
After above cuts, we give the event number of signal and background in Table.IX. The
cross-section for signal and background are at the similar order, while the cut efficiency is
very different. The S/B ratio of signal is good due to very small electroweak background.
But the γγγγ signal also suffers the low statistics, same as in the ZZ∗ +ZZ∗ channel. The
non-prompt γ from jet faking also makes this channel more difficult.
H. Two Higgs decay to γγ + ZZ∗
In this section, we assume the signal process is pp → S → HH → (γγ)(ZZ∗) with Z
decay leptonically. At the same time, the background contains: pp→ γγl−l+l−l+. In order
to choose the suitable cut conditions, we give the pT and HT distribution of photons and
16
event number signal BKG(γγγγ)
cross-section(pb) 5.29× 10−5 2.0× 10−4
cut efficiency 0.6683 0.0015
total event 35 0.3
S
B ratio 117
TABLE IX: The cut flow table for two Higgs decay to γγγγ.
leptons in the Fig.9.
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FIG. 9: The pT and HT distribution of gamma and leptons for signal and background from final
state γγl−l+l−l+. The dashed red line is background, while the solid black line is signal.
With the distribution shown in Fig.9, we choose the cut conditions as following,
pγ1T ≥ 60GeV, pγ2T ≥ 20GeV
pl1T ≥ 20GeV,HT ≤ 400GeV,
(16)
where the HT means the pT sum of leptons and photons. We also propose the invariant
mass cut conditions,
17
event number signal BKG(γγl−l+l−l+)
cross-section(pb) 1.23× 10−5 2.495× 10−7
cut efficiency 0.7423 1× 10−4
event number 9.1 2.459× 10−5
S
B ratio 3.6× 105
TABLE X: The cut flow table for two Higgs decay to γγZZ∗ with Z boson decay to leptons. In
the cross-section for background, we may have added prior pT requirement in the Madgraph to
generate events more efficiently.
mγγ ∈ [115GeV, 135GeV ],m4l ∈ [115GeV, 135GeV ]
mγγ4l ∈ [360GeV, 440GeV ]
(17)
After above cuts, the event number of signal and background are shown in Table.X. The
γγ+ZZ∗ channel is very clean, that the electroweak background is very low even before the
cut. But one should be cautious that the statistics for signal is quite low.
I. Two Higgs decay to γγ +WW ∗
In this section, we assume the signal process is pp → S → HH → (γγ)(WW ∗) with
W boson decay leptonically. At the same time, the background contains pp → γγl−l+νν.
In order to choose the suitable cut conditions, we give the distribution of pT and HT for
photons and leptons in Fig.10
With the distribution shown in Fig.10, we choose the cut conditions as following,
pγ1T ≥ 60GeV, pγ2T ≥ 20GeV
pl1T ≥ 20GeV,HT ≥ 240GeV
(18)
where the HT means the pT sum of all the photons, leptons and missing energy. We also
impose the invariant mass cut conditions,
mγγ,mllνν ∈ [115GeV, 135GeV ],mγγllνν ∈ [360GeV, 440GeV ] (19)
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FIG. 10: The pT and HT distribution of signal and background for final state γγ +WW
∗ with W
boson decay leptonically. The dashed red line is background , while the solid black line is signal.
event number signal BKG(γγl−l+νν)
cross-section(pb) 1.1× 10−3 1.7× 10−4
cut efficiency 0.796 0
event number 861 0
S
B ratio ∞
TABLE XI: The cut table for two Higgs decay to γγWW ∗ with W boson decay leptonically.
After above cuts, the event number of signal and background are shown in Table.XI. This
channel has very good S/B ratio and good statistics as well. The background is quite small
even before the cuts, so this channel is quite clean.
J. Two Higgs decay to ZZ∗ +WW ∗
In this section, we assume the signal process is pp → S → HH → (ZZ∗WW ∗) with Z
decay leptonically while W decay hadronically. At the same time, the background contains:
pp→ jjjjl−l+l−l+. In order to choose the suitable cut conditions, we give the distribution
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of pT and HT in the Fig.11.
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FIG. 11: The jets and leptons pT and HT distribution of signal and background for two Higgs final
state ZZ∗ +WW ∗. The dashed red line is background, while the solid black line is signal.
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event number signal BKG(jjjjl−l+l−l+)
cross-section(pb) 5× 10−4 3× 10−5
cut efficiency 0.76 10−4
event number 382 3× 10−3
S
B ratio 1.27× 105
TABLE XII: The cut table for two Higgs decay to ZZ∗WW ∗ with Z decay leptonically and W
decay hadronically.
With the distribution shown in Fig.11, we choose the cut conditions as following:
pj1T ≤ 100GeV, pj2T ≤ 60GeV, pl1T ≤ 100GeV
pl2T ≤ 80GeV, pl3T ≤ 60GeV,HT ≤ 400GeV,
(20)
where the HT means the pT sum of jets and leptons. On the other hand, we also impose
the invariant mass cut conditions,
m4j,m4l ∈ [115GeV, 135GeV ],m4j4l ∈ [360GeV, 440GeV ] (21)
After above cuts, the event number of signal and background are shown in Table.XII.
The S/B ratio of this channel is quite large because the small electroweak background. The
signal has event number of 382, which is quite significant. One should note that we have
not imposed the Z veto cuts that only one pair of leptons has the invariant mass close to Z.
If one imposed such cuts, the signal to background ratio could be higher, but at the cost of
signal statistics. In our case, the signal is already good enough, that we suppress such cuts.
K. Two Higgs decay to τ+τ−τ+τ−
In this section, we assume the signal process is pp→ S → HH → (τ+τ−)(τ−τ+). At the
same time, the background contains pp → τ−τ+τ−τ+. In order to choose the suitable cut
conditions, we give the distribution of pT and HT in the Fig.12.
With the distribution is shown is Fig.12, we choose the cut conditions as below:
pτ1T ≥ 80GeV, pτ2T ≥ 60GeV,HT ≥ 240GeV (22)
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FIG. 12: The pT and HT distribution for signal τ
+τ−τ+τ− and corresponding background. The
dashed red line is background and the solid black line is signal.
where the HT is the pT sum for all the τ leptons. We also impose the invariant mass
condition as following,
mτ−τ+ ∈ [115GeV, 135GeV ],m4τ ∈ [360GeV, 440GeV ] (23)
After above cuts, the event number for signal and background are shown in Table.XIII.
One can see that the four τ signal has very good S/B ratio and also large event number.
In this channel, one should be careful about two things. First, we should note the multi-τ
tagging efficiency in this signal, which would reduce both the signal and background. The
hadronic τ tagging efficiency is about 50% as in the Ref.[80]. Second, in the jet backgrounds,
there are possibility that they contribute to the non-prompt τ background. The misidenti-
fication rate is about ∼ 1% as in the Ref.[80]. Comparing with the four jets background in
the 4b channel, the non-prompt 4τ contribution from jet background could be around ∼ 100
events. Due to the above two factors, the S/B ratio would not be as good as in the naive
parton level estimation, of about S
B
∼ 100 now but still a promising channel.
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event number signal BKG(τ−τ+τ−τ+)
cross-section(pb) 4.1× 10−2 7.153× 10−3
cut efficiency 0.9077 5× 10−4
τh tag (50%)
4 (50%)4
event number 2300 0.22
S
B ratio 1× 104
TABLE XIII: The cut flow table for two Higgs decay to τ+τ−τ+τ−.
L. Two Higgs decay to τ+τ−bb¯
In this section, we assume the signal process is pp → S → HH → (τ−τ+)(bb¯). At the
same time, the background contains jets plus two tau and top pair where top decay to tau
[82]. In order to choose the suitable cut conditions, we give the distribution of pT and HT
in the Fig.13.
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FIG. 13: The pT and HT distribution for signal τ
+τ−bb¯ and corresponding background. The
dashed red line is background and the solid black line is signal.
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event number signal BKG(bbτ−τ+) BKG(jjτ−τ+) BKG(tt¯)
cross-section(pb) 0.736 2.59 21.61 4.53
cut efficiency 0.7631 1× 10−4 7× 10−4 5× 10−4
b-tag 0.36 0.36 4× 10−4 0.36
τh tag (50%)
2 (50%)2 (50%)2 (50%)2
event number 5.1× 104 15 1.5 204
S
B ratio 231
TABLE XIV: The cut flow table for two Higgs decay to bb¯τ−τ+. In the cross-section for background,
we may have added prior pT requirement in the Madgraph to generate events more efficiently.
With the distribution is shown is Fig.13, we choose the cut conditions as following,
pj1T ≥ 60GeV, pj2T ≥ 20GeV, pτ1T ≥ 40GeV
pτ2T ≥ 20GeV,HT ≥ 200GeV
(24)
where the HT means the pT sum of jets and hadronic taus. For top pair background, we
add an extra cuts that MET < 50GeV. We also impose the invariant mass cut which is
crucial to cut down the background.
mjj,mτ−τ+ ∈ [115GeV, 135GeV ],m2j2τ ∈ [360GeV, 440GeV ] (25)
After above cuts, the event number for signal and background are shown in Table.XIV.
This time the S/B ratio is about two hundreds which is quite good. We also need to consider
the misidentification of the hadronic τ from the jets background. Same as in the previous
section, we can estimate this background from 4b channel that the jet backgrounds would
contribute about ∼ 100 events which is still much smaller than signal. In this case, the S/B
ratio will go down to about ∼ 100, which is still a good channel to look at.
M. Two Higgs decay to τ−τ+γγ
In this section, we assume the signal process is pp → S → HH → (τ+τ−)(γγ). At the
same time, the background contains pp → τ−τ+γγ. In order to choose the suitable cut
conditions, we give the distribution of pT and HT in Fig.14
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FIG. 14: The pT and HT distribution for signal τ
−τ+γγ and the corresponding background. The
dashed red line is background and the solid black line is signal.
With the distribution is shown in Fig.14, we choose the cut conditions as following,
pτ1T ≥ 60GeV, pτ2T ≥ 20GeV, pγ1T ≥ 40GeV,HT ≥ 200GeV (26)
where the HT means the pT sum of τ leptons and photons. We also impose the invariant
mass cut conditions to further suppress the background,
mτ−τ+ ,mγγ ∈ [115GeV, 135GeV ],mτ−τ+γγ ∈ [360GeV, 440GeV ] (27)
After the above cuts, the event number for signal and background are shown in Table.XV.
In this channel, the electroweak background is quite small, with a very small cut efficiency.
The background cross-section before the cut is also small, so the prompt background can be
safely neglected. However, one should consider the non-prompt τ from jet misidentification.
We estimate such background from the bb¯γγ channel, substituting b-tag efficiency by the τ
misidentification tagging efficiency, and since the kinematic cuts are similar, we can estimate
that such non-prompt background can have about ∼ 10 events which is still much smaller
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event number signal BKG(τ−τ+γγ)
cross-section(pb) 2.92× 10−3 9.688× 10−4
cut efficiency 0.8774 4× 10−4
τh tag (50%)
2 (50%)2
event number 640 0.1
S
B ratio 6.4× 103
TABLE XV: The cut flow table for two Higgs decay to τ−τ+γγ. In the cross-section for background,
we may have added prior pT requirement in the Madgraph to generate events more efficiently.
than signal. After counting the non-prompt background, we estimate that the S/B ratio
could be around ∼ 60 which is not bad.
N. Two Higgs decay to τ−τ+W−W+
In this section, we assume the signal process is pp → S → HH → (τ−τ+)(W±l∓ν)
→ (τ−τ+)(l−νl+ν). At the same time, the background contains pp → τ−τ+(W±l∓ν) →
(τ−τ+)(l−νl+ν). In order to choose the suitable cut conditions, we give the distribution of
pT and HT in Fig.15.
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FIG. 15: The pT and HT distribution for signal τ
−τ+W−W+ and the corresponding background.
The dashed red line is background and the solid black line is signal.
With the distribution shown in Fig.15, we choose the cut conditions as following,
pτ1T ≥ 80GeV,HT ≤ 400GeV (28)
We also impose the invariant mass cut conditions to further increase the S/B ratio.
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event number signal BKG(l−l+νντ−τ+)
cross-section(pb) 0.03 1.078× 10−5
cut efficiency 0.8740 2.3× 10−4
τh tag (50%)
2 (50%)2
event number 6567 6× 10−4
S
B ratio 1.09× 108
TABLE XVI: The cut flow table for two Higgs decay to τ−τ+W−W+. Note the leptonic decay
BR for W has been included in the signal cross-section. In the cross-section for background, we
may have added prior pT requirement in the Madgraph to generate events more efficiently.
mWW ,mτ−τ+ ∈ [115GeV, 135GeV ],m2W2τ ∈ [360GeV, 440GeV ] (29)
After above cuts, the event number for signal and background are shown in Table.XVI.
One might worry about the misidentification of τ as in the previous section. We look
back into the bb¯W−W+ channel, after apply the misidentification τ tagging efficiency, the
background cross-section for jets plus l−l+νν is already much smaller than the signal. With a
very small cut efficiency it have, we could be quite sure the S/B ratio will be very good. One
thing should be mention that in the measurement the missing energy should be reconstructed
by the on-shell mass conditions, which could reduce the signal efficiency and also bring more
background events. But still this is a very promising channel to see.
O. Two Higgs decay to τ−τ+ZZ
In this section, we assume the signal process is pp→ S → HH → (τ−τ+)(ZZ∗) with the
Z boson decay leptonically. At the same time, the background contains pp→ τ−τ+(Zl+l−).
In order to choose the suitable cut conditions, we give the pT and HT distribution in Fig.16.
With the distribution shown in Fig.16, we choose the cut conditions below,
pτ1T ≥ 80GeV, pτ2T ≥ 20GeV,HT ≤ 400GeV. (30)
We also impose the invariant mass cut conditions to further suppress the background.
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FIG. 16: The pT and HT distribution for signal τ
−τ+ZZ and the corresponding background. The
dashed red line is background and the solid black line is signal.
m4l,mτ−τ+ ∈ [115GeV, 135GeV ],m4l2τ ∈ [360GeV, 440GeV ] (31)
After above cuts, the event number for signal and background are shown in Table.XVII.
This channel is very clean due to the six leptons in the final states, the electroweak back-
ground is quite small. The prompt background has a very small cross-section comparing
with signal. The non-prompt background from τ misidentification is also smaller than signal
after applying the τ tagging efficiency. Though clean background it has, the signal statistics
is low with about 70 for 1000fb−1 integrated luminosity. Such signal is quite rare, but has
very small background and worth looking at.
IV. DISCUSSION AND CONCLUSION
We have discussed the resonant production of heavy scalar S, which subsequently decay
into two Higgs H. Since the decay channels of H have different properties, we list all the
combinations of final state of two Higgs decay and explore the possible signal in the LHC14
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event number signal BKG(l−l+l−l+τ−τ+)
cross-section(pb) 3.4× 10−4 4.829× 10−6
cut efficiency 0.8177 6.7× 10−5
τh tag (50%)
2 (50%)2
event number 70 8× 10−5
S
B ratio 9× 105
TABLE XVII: The cut flow table for two Higgs decay to τ−τ+ZZ. In the cross-section for back-
ground, we may have added prior pT requirement in the Madgraph to generate events more effi-
ciently.
with integrated luminositymathcalL = 1000fb−1. Generally, we find that with the help of
invariant mass information from H and S, very good signal to background ratio S/B can
be archived in many decay channels. We summarize the discovery potential for different
combinations of decay channels in the Table.I.
For one Higgs decay to bb¯, the general properties are the signal benefits from the large
decay BR, but suffer from large QCD background. The two Higgs both decay to bb¯ are very
hard to discover due to QCD background. It needs leptons or photons in the final state to
suppress the QCD background. For the other Higgs not decay to bb¯ but others, the signals
have very good S/B ratio, usually larger than 100 while the signal statistics are good at the
same time, with event numbers from several hundreds to tens of thousands.
For one Higgs decay to γγ, the general properties are the signal suffers from the very
small decay BR, but benefits from very small QCD background. The prompt electroweak
background in this channel is usually very small comparing with signal. But one should be
cautious about the non-prompt photons from jet misidentification. For the two Higgs both
decay to γγ, the signal statistics is quite low, only about 35 and we also should note that
non-prompt photons may further reduce the S/B ratio that this channel is not very good.
For the other Higgs decay to ZZ∗, it is also not a good signal to search due to even lower
statistics of about 9. Despite of these two cases, for the other Higgs decay to other particles,
the signal has good statistics from hundreds of events to thousands. The S/B ratio is also
high, larger than several hundreds.
For one Higgs decay to ZZ∗, the general properties are the signal suffers from small
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leptonic decay BR, sometimes even lower than γγ, but it benefits from multi-lepton final
states which greatly suppress the large QCD background. This channel usually needs the
other Higgs decay to a channel which has large BR. For two Higgs both decay to ZZ∗, one
should require one pair of Z boson decay hadronically to avoid the low statistics. Even in
this case, the event number is about 46 which is not large but the background is extremely
small. For the other Higgs decay to other particles, b quark and W boson, the signals
generally has event numbers of several hundreds and very good S/B ratio. For the other
Higgs decay to tau leptons, the signal event numbers is lower, of about 70, but this is a six
lepton final states which is very clean.
For one Higgs decay to WW ∗, the general properties are the signal should require W
decay leptonically to suppress the large QCD background, while due to the large leptonic
decay BR of W and WW ∗ BR of Higgs the signal usually has very good statistics. But
one should note that the W decay leptonically has missing energy, which in the real search
one needs to reconstruct the MET by the on-shell mass requirement which may reduce the
signal and increase the background. No matter what does the other Higgs decay to, the
signal usually has good statistics larger than hundreds of event number and good S/B ratio.
For one Higgs decay to τ−τ+, the general properties are the signal benefits from the
modest decay BR while can suppress large QCD background from lepton final states. For
the τ final states, one should note that the jet has probability to misidentify the hadronic
τ , which will increase the background. We have done an estimate of such background and
found that they usually much smaller than signal, though they reduce the S/B ratio to
about 100. For the other Higgs decay other than ZZ∗, the signals usually have very good
statistics, larger than several hundreds events, while the S/B ratios are quite good usually
larger than 100. For the other Higgs decay to ZZ∗, one should note that the event number
is about 70 but this channel is quite clean.
Last but not least, we should emphasize that the simulation in this paper is quite rough
and further detailed simulation should put the conclusions on more solid ground.
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